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AN IMPROVED METHOD FOR THE ESTIMATION OF NITRATES IN WATER 
BY MEANS OF’ TBE PHENOLSULPHONIC ACID REACTION. 

BY BOBERT C. FREDERICK. 

(Read at the Meeting, Jme 4, 1919.) 

SPBENGEL’S method of eetimating nitrate8 by means of the reacfion wiCh phenol- 
eulphonic acid ia probably that most frequently utilised in water analpis. The 
process is to evaporate 10 to 25 0.0. of the sample to dryness on the steam k t h ,  and 
to treat the residue with 2 C.C. of phenoleulphonic acid; the whole is taken up with 
water, rendered alkdine with 20 C.O. of strong ammonia or potassium hydroxide 
solution, and made to a definite volume. The yellow oolour of the nitro compound 
produced with nitrates is compared with that from a standard solution of potasBium 
nitrate, and, by appropriate dilution and matching of the colours, tbe quantity of 
nitrogen as nitmtes present in the sample is deduced. To prepare 1 litre of the 
phenolsulphonio acid reagent, 132 grms. of pure phenol is mixed with 60 C.Q. of 
ammonia-free digtilled water, and 815 C.B. of conoentrated nitrogen-free dphuric  
acid is added; the mixture is heated s t  80 to 8 5 O  C. for six hours. 

While if  is well known that the presence of ohlorides in thb sampleaauses loae 
of nitrogen, it is perhaps not generally realised that the under-estimation is so great 
as to render the prooess inapplicable as a general method. The determination has 
been the rrubject of research by the writer, and 8 method which eliminates emor 
has been evolved. 

E’eot of Chbridss on $pmngePs Method. 
Solutions of potassium nitrate were prepared each containing 0.4 parts nitrogen 

as nitrate and varying amounts of sodium chloride as shown below. Theee were 
examined for nitrates by Sprengel’s method, and the following results were obtained: 

C1 per 100,000. 
2 4 
94 
18.0 
30-0 
48.0 
60.0 
80.0 
100 *o 

Nitrogen as Nitrates Found, per 100,000. 
0-40 
0.35 
0.31 
0 2 7  
0-22 
0.18 
0.16 
0.16 

Percentage Error. 
NIL 
- 12.5 
- 23.5 - 32.5 
- 45.0 - 55.0 
-600 - 60.0 

All nsturrtl waters contain chloridellr, and the nnrdiability of the method ifi &dent 
from the foregoing figures. 

Efect of Additmn of P h s ~ o l s d p h m ~ c  Acid before Bvqoratim. 
Some two years ago the writer tried the modification of adding the phenol- 

sulphonic acid bgore evaporation and evaporating until ell the water removable by 
steam heat was evapordied &PI shown by the r8siduaI a& liquid Msuming a dark 
cdour, a condition whioh may be conveniently termed here as “acid dryge8w” It 
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was found that while the error due t o  chlorides waa, to some extent, reduced, there 
Was th persibtent and irregular over-estimation A series of sample solutions similar 
t o  the above, examined by this modification and compared kith average ‘l ataadards,” 
gave the results undernoted : 

C1 por 100,000. 
2 *4 
9-2 
18.0 
30.0 
48.0 
60.0 
80.0 
100-0 

Nitrogen as Nitrates Found, per 100,000. 
0 42 
0 *42 
0.42 
0-49 
0.55 
0.44 
0.42 
0.47 

Percentage Error. 
+ 5.0 
+ 5-0 
+ 5.0 
+ 22.5 
+ 37.5 
+ 10-0 
+ 5.0 
+ 11.5 

Efect of Add5taon of a D ~ h t e d  Phenolszckhnic and Sulphum Acid Mzxture. 

The quantity of reagent employed in Sprengel’s method is enormously in excew 
of that required to react; with 25 c.c of samples rarely containing more than 4-0 parts 
nitrogen as nitrates per 100,000. This was confirmed in practice by obtaining 
complete reaction with 0.08 (3.0. of phenolsulphonic acid added to 25 C.C. of a solution 
of potassium nitrate of the above strength. 

I n  view of this a phenolsulphonic acid solution was prepared by heating only 
4 grme. of phenol with 25 C.C. of conoentrated sulphuric acid and making to 1 litre. 
Two C.C. of this solution, added previous to evaporation, reacted completely 
with 25 O.C. of solutions of potassium nitrate oontaining nitrogen up to 4.0 parts 
per 100,000; but with natural waters reaction was incomplete, as the residue 
failed to remain liquid owing to the increased quantity of solid matter present. It 
was eventually found necessary, in order to make the solution effective for general 
use, to inorease the sulphuric acid to 400 C.C. per htre; the amount of phenol re- 
mained unaltered. 

Twenty- five O.C. of solutions of potassium nitrate, each containing 
0.4 parts nitrogen as nitrates per 100,000, without chlorides, and with ohloriderr 
varying from 244 to 100 parts C1 per 100,000, were treated with 2 O.C. of the reagent 
before evaprdion to (( acid dryness,” taken up with water, rendered alkaline with 
3 C.O. of strong ammonia, and made to 100 C.C. The colours obtained in the final 
solutions varied with a maximum difference of onIy =i: 5 per cent., and the solutions 
containing chlorides did not vary to a greater degree than those without, showing 
elimination of the error due to the preeence of chlorides. 

Wibh a view to obtaining more thorough interaction between the nitrates and 
phenoleulphonic acid, a similar series was treated with the acid as above. In this 
series each water contained 0-4 parts nitrogen as nitrates per 100,000, four portions 
were without chlorides, and eight others contained 3-2, 10, 20, 30, 40, 60, 80, and 
100 parks GI per 100,000 respeotiveIy. The “acid dryness” residue was taken up 
with 5 to 10 GC. of emmoniadree water, mixed, and again evaporated ; this prooe~t8 
of solution and evaporation to ‘6 acid dryness ” eas repeated. The r&dne ww taken 
up with water and made alkaline &EL before. The colourations obtained were all equaI, 
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indicating that in this modification the nitrate value obtained was oonstant even in 
the preeenco of chlorides up to 100 parts of C1 per ~00,000. 

Further experiments were made to determine whether the colour intensity 
obtihed in the final solution is proportionate to the amount of nitrate originally 
preeent. Samples of water were prepared containing 0*08,0.2, 0.3, and 0.8 parts of 
nitrogen as nitrates associated with 40, 30, 20, and 40 parta of chlorine as chlorides 
per 100,000 respectively, and were examined by the final modification of the process. 
It was found that the intensity of the colours obtained with the prepared sample9 
was in proportion to the amount of nitrate, showing that the cdour varies directly 
with the nitrate present. In addition these results show that the method gives 
accurate determinations of nitrates in the presence of large and varying emousts af 
ohlorine. 

The accuracy of this process has been confirmed by examination of excessively 
hard waters containing large amounts of chlorides and (comparatively) high 
nit rat els. 

I t  has been noted when using the diluted phenolsulphonic acid and sulphuric acid 
mixture that the colour of the final solution is much more pure and brilliant than 
that obtained by the original method, this greatly facilitates accurate matching with 
the standards. 

Detcvlkd Process. 
SOLUTIONS REQUIRED : S t a n h d  Potasaitm Nukrate Solutkm.-1-4434 grms, of 

pure RNO, per litre, 25 CA. = 5-0 mgrms. N nitrates ; this solution is diluted 1 in 50, 
then 25 C.O. = 0.1 rngrm. N as nitrates. 

P~~Eszll~kolzic-S~~laur~c Ackd N~xtam.--4 grms. of phenol (Calvert’s No, 1 is 
very suitable) ia mixed with 4 C.C. of ammonia-free distilled water and 100 C.O. of 
concentrated nitrogen-free sulphuric acid is added; the whole is heated at 80 to 
85“ C. for 6 hourss cooled, and made to 500 C.C. Three hundred C.C. of concentrated 
nitrogen-free sulphuric acid made to 500 C.C. with ammonia-free distilled water is 
added and mixed with the foregoing solution to give one litre of reagent 

M~THoD.-Spherical-bottorned, 34 inches diameter, porcelain basins are used 
each containing a small glass rod. To one basin 25 C.C. of the sample is tldded, and 
to the other 25 C.C. of the dilute standard potassium nitrate solution., Two C.C. of the 
phenolsulphonic-sulphuric acid mixture is added to each and thoroughly mixed by 
stirring. Both are evaporated on the steam hath until no more water is expelled 
(6‘ acid dryness ”), and ths residual liquid assumes a dark colour. During the 
progress of the evaporation the liquid is occasionally stirked, and any dark spots on 
the side of the basin above the surface of the liquid are incorporated in the bulk of 
the residue by touching with the glass rod. The basins are theniremoved from the 
steam bath, and, by gently tilting them and directing the liquid with the rod, the 
residue is made to come in contact with all part8 of the inside uf the basin. A11 
material on the sides of the basin is washed to the bottom with B very fine let 
of ammonia-free distilled water j the 5 to 10 C.C. required is mixed with the bulk by 
stirring, and the whole is again evaporated to acid dryness.” The regidue is once 
more taken up with water and evaporated to acid dryness ” as already described. 
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The final residues are taken up with water and poured into thin, colourless, 
measuring glasses, and the basins are washed out with small quantities of water to 
about 95 C.C. ; 3 C.C. of strong ammonia (sp. gr., 0.880) is added and the whole made 
to 100 C.C. The contents of each glass are separately mixed by placing the palm of 
the hand tightly on the open end of the glass and inverting four or five times : to 
prevent loss of liquid, one edge of the lip of the glass is pressed tightly against the 
palm in withdrawing. The colour obtained in each glass is proportionate in intensity 
to the quantity of nitrate originally present. 

A solution of potassium hydroxide may be used in place of ammonia, but is only 
satisfactory when prepared the same day. The colour obtained with a sample must 
always be compared with a standard prepared by the same process. In  the few 
cases where the quantity of nitrogen as nitrates in a sample approximates or exceeds 
4 parts per 100,000, the determination is repeated using only 10 C.C. of the sample; 
in the last 500 samples analysed by the writer, received from every kind of supply 
in all parts of the United Kingdom, this quantity hag only been exceeded three 
times. 

The advantages of this process may be summarised : 
1. Nitrogen as nitrates, associated with ohlorides up to 100 parts chlorine per 

100,000, is accurately estimated. 
2. The purity of the colours obtained in the final solutions makes matching 

easy. 
3. The large saving of reagents is a consideration. Calculating on 2 C.C. of 

phenolsulphonic acid and 20 C.C. of ammonia use; in the original process, there is a 
saving of 97 per cent. of phenol, 50 per cent. of sulphuric acid, and 85 per cent. of 
ammonia. 

XOYAL NAVAL MEDICAL SCHOOL, 
( ~LEENJVICII. 
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